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• Well above EW scale, at q>>mW, we have 
approximately unbroken SU(3)xSU(2)xU(1) 

• Corrections ~ mW/q
2



Our Approach
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Our Approach (Heavy DM decay)
• Sequential stages: 

• DM decay                   (any SM particles)                     

• Unbroken SM above EW scale qW~100 GeV  

• Matching across EW scale (heavy decays) 

• Pythia below EW scale 

•  Decays to absolutely stable: 
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Polarisation Effects
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Polarized Splitting Functions
• For any gauge interaction G=SU(3), SU(2), U(1) 

(neglecting azimuthal correlations)
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• Polarisation affects spectra
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• Big changes when EW important
8

10�4 10�3 10�2 10�1 100

x = 2E/m�

10�5

10�4

10�3

10�2

10�1

100

x
2 d

N
/d

x

/

/

�! ⌫e⌫̄e ! S; m� = 2 EeV

S = �/⌫e (this work)

S = �/⌫e (Pythia)

10�3 10�2 10�1 100

x = 2E/mDM

10�4

10�3

10�2

10�1

x
2 d

N
/d

x

⌫e spectrum

Our Work

�! bLb̄L

�! bRb̄R

Pythia

� ! bb̄ ! ⌫e
<latexit sha1_base64="1tHUuZTXbuVIoChW1uhpId0Gjdo=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJWZKuiy6MZlBfuAzjBk0kwbmkmG5I5QSjf+ihsXirj1M9z5N6btLLT1QMLhnHtJzokzwQ143rezsrq2vrFZ2ipv7+zu7bsHhy2jck1ZkyqhdCcmhgkuWRM4CNbJNCNpLFg7Ht5O/fYj04Yr+QCjjIUp6UuecErASpF7HNABD0DhOIiJtjeoQOYRi9yKV/VmwMvEL0gFFWhE7lfQUzRPmQQqiDFd38sgHBMNnAo2KQe5YRmhQ9JnXUslSZkJx7MAE3xmlR5OlLZHAp6pvzfGJDVmlMZ2MiUwMIveVPzP6+aQXIdjLrMcmKTzh5JcYBt42gbucc0oiJElhGpu/4rpgGhCwXZWtiX4i5GXSatW9S+qtfvLSv2mqKOETtApOkc+ukJ1dIcaqIkomqBn9IrenCfnxXl3PuajK06xc4T+wPn8AVIYljs=</latexit>

m� = 2PeV
<latexit sha1_base64="hSYmyZIDnxJCQ/LWK9UR9Pw1ORc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCCylJFexGKLhxWcE+oAlhMp22Q+cRZiZiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvffECaPaeN63s7S8srq2Xtgobm5t7+y6e/tNLVOFSQNLJlU7RpowKkjDUMNIO1EE8ZiRVjy8nvite6I0leLOjBISctQXtEcxMlaK3EMeBXhA4RWsBGcBj+VDVifNceSWvLI3BVwkfk5KIEc9cr+CrsQpJ8JghrTu+F5iwgwpQzEj42KQapIgPER90rFUIE50mE3vH8MTq3RhTypbwsCp+nsiQ1zrEY9tJ0dmoOe9ifif10lNrxpmVCSpIQLPFvVSBo2EkzBglyqCDRtZgrCi9laIB0ghbGxkRRuCP//yImlWyv55uXJ7UapV8zgK4Agcg1Pgg0tQAzegDhoAg0fwDF7Bm/PkvDjvzsesdcnJZw7AHzifP5fFlSk=</latexit>

10�3 10�2 10�1 100

x = 2E/mDM

10�3

10�2

10�1

x
2 d

N
/d

x

� spectrum

Our Work

�! bLb̄L

�! bRb̄R

Pythia

� ! bb̄ ! �
<latexit sha1_base64="B4jqKmKqKVmovM5vw0r/1xagak0=">AAACAXicbVDLSgMxFM3UV62vUTeCm8EiuCozVbDLghuXFewDOkO5k6ZtaB5DkhHKUDf+ihsXirj1L9z5N6btLLT1QMLhnHtJzokTRrXx/W+nsLa+sblV3C7t7O7tH7iHRy0tU4VJE0smVScGTRgVpGmoYaSTKAI8ZqQdj29mfvuBKE2luDeThEQchoIOKAZjpZ57EuIRDY304jAGZW8jwyFwDj237Ff8ObxVEuSkjHI0eu5X2Jc45UQYzEDrbuAnJspAGYoZmZbCVJME8BiGpGupAE50lM0TTL1zq/S9gVT2COPN1d8bGXCtJzy2kxzMSC97M/E/r5uaQS3KqEhSQwRePDRImWcTz+rw+lQRbNjEEsCK2r96eAQKsLGllWwJwXLkVdKqVoLLSvXuqlyv5XUU0Sk6QxcoQNeojm5RAzURRo/oGb2iN+fJeXHenY/FaMHJd47RHzifPwg2lpc=</latexit>

m� = 2PeV
<latexit sha1_base64="hSYmyZIDnxJCQ/LWK9UR9Pw1ORc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCCylJFexGKLhxWcE+oAlhMp22Q+cRZiZiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvffECaPaeN63s7S8srq2Xtgobm5t7+y6e/tNLVOFSQNLJlU7RpowKkjDUMNIO1EE8ZiRVjy8nvite6I0leLOjBISctQXtEcxMlaK3EMeBXhA4RWsBGcBj+VDVifNceSWvLI3BVwkfk5KIEc9cr+CrsQpJ8JghrTu+F5iwgwpQzEj42KQapIgPER90rFUIE50mE3vH8MTq3RhTypbwsCp+nsiQ1zrEY9tJ0dmoOe9ifif10lNrxpmVCSpIQLPFvVSBo2EkzBglyqCDRtZgrCi9laIB0ghbGxkRRuCP//yImlWyv55uXJ7UapV8zgK4Agcg1Pgg0tQAzegDhoAg0fwDF7Bm/PkvDjvzsesdcnJZw7AHzifP5fFlSk=</latexit>



• Effects of Z polarisation
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Double-log evolution
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• Real-virtual emission mismatch leads to double logarithms of q/mW 

• Define 

• Q+ has DGLAP (single-log) evolution 

• Q- has double-log damping (asymptotic symmetry)
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• Define  

• Then 

• Hence 

• For LLA resummation:  

• Evolution variable is crucial! 
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• Define  

• Then 

• Hence 

• For LLA resummation:  

• Evolution variable is crucial! 
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Double-log Evolution

• Curves = DGLAP 

• Points = EWPS (prelim.)
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Momentum fractions in jets
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Figure 1: The momentum averaged fragmentation functions hdki i for (a,b) i = dL, dR, (c,d) eL, eR,
(e,f) W

+
, B, (g,h) W3, g. The di↵erent values of k are stacked on top of each other, such that

the total equals one, as demanded by the sum rule. Dashed/solid lines show DL/NLL resummed
results.
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Figure 1: The momentum averaged fragmentation functions hdki i for (a,b) i = dL, dR, (c,d) eL, eR,
(e,f) W

+
, B, (g,h) W3, g. The di↵erent values of k are stacked on top of each other, such that

the total equals one, as demanded by the sum rule. Dashed/solid lines show DL/NLL resummed
results.
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Figure 1: The momentum averaged fragmentation functions hdki i for (a,b) i = dL, dR, (c,d) eL, eR,
(e,f) W

+
, B, (g,h) W3, g. The di↵erent values of k are stacked on top of each other, such that

the total equals one, as demanded by the sum rule. Dashed/solid lines show DL/NLL resummed
results.

– 31 –

dL dR

eReL

W+ g

Bauer, Provasoli, BW, 1806.10157



• Similarly in initial-state showering (PDF evolution) 

• uL-dL (& sL-cL) has double-log damping
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Soft Coherence
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Soft Coherence

• Important difference between QCD ISR & FSR 

• Small x logs imply angular ordering, leading to 
small-x suppression of FSR (only) 

• Same must occur in any unbroken gauge theory

18

ū
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ū

d

g
W



• Gluon fragmentation function satisfies DGLAP 
evolution equation at scale q=xQ 

• Solve DGLAP, replace D(x,Q) by D(x,xQ) 

• We assume same for full unbroken SM 

• Main source of uncertainty
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More Results
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Summary
• Our approach: unbroken SM evolution matched to broken theory 

at EW scale 

• Currently SM fragmentation functions matched to Pythia 

• Novel EW features: 

• Self-polarization, helicity-dependent spectra 

• Double-logarithmic evolution 

• Soft gauge boson coherence (needs more study) 

• Full SM parton shower under construction
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Thanks for your 
attention!
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